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Design and Evaluation of Processes for Fuel Fabrication
Summary
The first three months of the project covered the following:
• Literature review: A comprehensive study of the pertinent publications pertaining to
transmuter fuels composition and manufacturing processes was conducted.
• Visit at ANL West in Idaho Falls, ID: Dr. Mauer visited the ANL West facility and met
with his National Laboratory Collaborator, Dr. Mitchell K. Meyer, Group Leader,
Fabrication Development on October 14 and 15, 2001.
• Student Paper Presentation at the ANS Annual Meeting by Ph.D. student Mr. Jae-Kyu
Lee. Title: Transmuter Fuel Fabrication Processes.

1. Survey of Existing Fabrication Processes
Nuclear waste reduction: Spent fuel quantities estimated at 86,000 metric tons must be safely
stored for 10,000 years. Only about 1,000 tons are actinides and long-lived fission products.
Transmutation: Reduce the long term toxicity of long-lived fission products (mostly Pu and
actinides such as Am, Cm, Tc, I). Fig. 1 illustrates the scope of the problem (quoted from J.
Breese, DOE, 1999).

Figure 1 Spent Fuel Processing Needs
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Fuel fabrication processes are either based on metal casting (metallic fuels) or powder
processing, leading to ceramic or dispersion fuels. R&D on fuel reprocessing and manufacturing
has been ongoing for years in the US and other countries. With regard to fuel manufacturing, we
may distinguish among three categories:
• •Dispersion Fuels (several subtypes exist)
• Ceramic Fuels (several subtypes exist)
• Metallic Fuels
R&D on fuel reprocessing and manufacturing has been ongoing for years in the US and other
countries.

Manufacturing Sequence for Dispersion Fuel :
1. Manufacture spherical fuel particles by
wet chemical process or direct reaction
and attrition.
2. Coat the particles (process not yet
determined)
3. Embed fuel particles in matrix metal
4. Press fuel and matrix blend into a
compact
5. Assemble billet
6. Extrude billet at ~800°C into rods about 2
m long.
7. Finish fuel rods by trimming ends. Rod
Inspection (radiography, dimensional,
bonding, and clad defects)

Figure 2 Dispersion Fuel
Element
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Manufacturing Sequence for Metallic Fuel :
1. Cast fuel slugs. Pins are 4 to 5mm dia. and 0.8 m to 1.5 m long.
3. Insert fuel slugs into cladding tube.
2. Add bond phase (Na) in cladding tube
4. Seal cladding tube by welding end fitting onto the tube
5. Inspect fuel pin (radiography, dimensional, and clad defects)

Manufacturing Sequence for Ceramic Fuel :
1. Manufacture particles by wet chemical process or direct reaction (1 to 30 um dia.)
2. Compaction of particles into pellet form.
3. Sinter the pellets at 1400°-1800°C.
4. Inspect pellets Assemble pellets into
cladding tube.
5. Assemble pellets into cladding tube
6. Add bonding material (He or Na)
7. Seal cladding tube by welding
8. Inspect assembled fuel pin (radiography,
dimensional and clad defects)

Raw material for powder processing (oxide or
nitride fuels) will most likely result from aqueous
processing. Fig. 3 shows schematically a process
developed by Siemens.

Other Considerations
•Hot cell required
• Criticality concerns mandate small batch sizes
Figure 3 MOX Fabrication
• Large fuel quantities require process automation
Process (Siemens)
• Equipment for hot cell operation must be
identified or developed.
• Material flow and operational sequence
• Long term reliability must be ensured
• Design must prove he ability to cope with a wide range of contingencies (e.g. equipment
failures, spillage, breakage)
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Generic issues common to all fuel types:
• Dimensional Inspection, intermediate and final
• Heating or melting
• Assembly: e.g. place pins or pellets into cladding tube
Issues common to dispersion and ceramic fuels:
• Manufacture uniform particles
• Compact particles into some aggregate form (e.g. pellets)
Other needs:
Welding
Sintering
Injecting He or Na into cladding tube

Conclusion
During the first three months, project needs and issues were defined. The direction of the
research was defined in discussions with AAA personnel in Las Vegas and with Dr. Mitchell K.
Meyer, Group Leader for Fabrication Development at Argonne National Lab West. An
assessment of the required technologies and equipment was performed.

Management Issues: Expenditures were mostly as planned in the proposal. Ph. D. student JaeKyu Lee was funded throughout the reporting period. In relation to the number of ongoing
projects, the number of undergraduate seniors in mechanical engineering is limited.
Undergraduate student employment could not be carried out as planned.

